Background {#Sec1}
==========

The onset of age-related hearing loss generally occurs around 50 years of age; there are reports of people who identify themselves as having trouble hearing in one out of three individuals aged ≥65 years and more than 70% of those were aged ≥75 years \[[@CR1]\]. The prevalence of hearing loss increases with age. Once the hearing deteriorates, it is unlikely to recover to its original condition. To date, no therapy has been identified that can fundamentally correct hearing loss, other than coping therapies, such as sensory management (e.g., the use of a hearing aid) and aural rehabilitation. Life is not immediately endangered by hearing loss; however, people with a hearing loss are excluded from communication with others, exhibit increased elderly loneliness, and experience other negative impacts on their daily lives \[[@CR2]\]. Hearing loss can also have psychological impacts, such as social isolation and depression \[[@CR3]\]. Although there is no evidence that hearing loss is causally related to dementia, it has been reported to be a risk factor for dementia \[[@CR4], [@CR5]\]. The global social cost of age-related hearing loss is 750 billion US dollars annually, which represents a substantial economic burden \[[@CR6]\].

To prevent the development of hearing loss, it is necessary to identify its causes. Previous studies have revealed that diseases such as hypertension, dyslipidemia, and diabetes are involved in the development of hearing loss; other factors include noise, ear infections, and stress \[[@CR7], [@CR8]\]. More recently, social disparities have also been reported to contribute to the etiology of hearing loss \[[@CR9]--[@CR12]\]. In Europe and the United States, socioeconomic factors and hearing loss have been reported to be interrelated \[[@CR13]--[@CR16]\]. However, few studies have been conducted to explore this relationship, and it has not yet been confirmed in Japan. Low socioeconomic status (SES) is a risk factor for hearing loss in Europe and the United States, but it remains to be confirmed whether this applies in Japan. Furthermore, few studies have examined the relationship between hearing loss and socioeconomic factors after having adjusted for dementia. Therefore, to prevent hearing loss, it is necessary to evaluate the etiology of age-related hearing loss from various viewpoints, such as considering the influence of dementia.

In this study, we aimed to evaluate associations between socioeconomic factors and age-related hearing loss, with respect to dementia, in Japan. Determination of these associations may enable the prevention of age-related hearing loss at an earlier age.

Methods {#Sec2}
=======

Participants {#Sec3}
------------

We used the data from Toyama Dementia Survey \[[@CR17], [@CR18]\]. Our study included 1537 participants, all residents of Toyama Prefecture and aged ≥65 years (total population = 307,582; sampling rate = 0.5%). We chose participants from the Basic Resident Register on October 1, 2013. Public health nurses contacted the selected individuals via a phone call; those who gave consent to participate were revisited. One thousand three hundred three individuals consented to participate (acceptance rate: 84.8%). If participants were not able to respond, family members and institutional staff supported the survey. The survey items comprised participants' demographic attributes, socioeconomic factors, and hearing loss situation. We investigated lifestyle, history, and the presence of dementia as factors related to hearing loss. Of the 1303 individuals, 129 provided incomplete responses, 135 had dementia and were excluded: thus, 1039 individuals (126 patients with hearing loss and 913 controls) were included in the final analysis. A total of 624 family members and 13 institutional staff supported the survey except for 402 individuals who were living alone. Of the 624 family members, 607 were living together.

Participation in the Toyama Dementia Study was voluntary. All participants or their family members provided written informed consent prior to participation. The Ethics Committee of the University of Toyama approved the study protocol.

Hearing loss {#Sec4}
------------

Participants' self-reported current level of hearing loss was classified as either "yes" or "no". Those with hearing loss further classified their impairment (including the use of hearing aids) as being either inconvenient or barely able to hear.

Demographic factors and socioeconomic status {#Sec5}
--------------------------------------------

We surveyed participants with respect to their sex, age, educational attainment, occupation, lifestyle factors, and medical history. Educational attainment was stratified as follows: ≤6 years, 7--9 years, and ≥ 10 years.

According to the Japan Standard Occupational Classification \[[@CR19]\], occupations were classified as white-collar, blue-collar, both, or other. White-collar referred to a job in administration or management, specialist professional jobs, and clerical, sales, or service jobs. Blue-collar referred to a job in security, agriculture, forestry or fisheries, manufacturing, transport or machine operation, construction or mining, and carrying, cleaning, or packaging. "Both" referred to those who had engaged in both white- and blue-collar jobs, while "other" referred to those who had engaged in other types of employment (e.g., had been a housewife).

Lifestyle factors {#Sec6}
-----------------

For lifestyle factors, alcohol consumption and smoking habits were surveyed. Regarding alcohol consumption, participants were categorized as current drinkers, former drinkers, or non-drinkers. Current drinkers were those who consumed alcohol daily, occasionally, or within the preceding year; former drinkers were those who had ceased alcohol consumption for ≥1 year; and non-drinkers were those who had never habitually consumed alcohol. For smoking, participants were categorized as current smokers, former smokers, or non-smokers. Current smokers were those who smoked daily or within the preceding year; former smokers were those who had stopped smoking for ≥1 year; and non-smokers were those who had never habitually smoked.

Medical history {#Sec7}
---------------

Participants' medical history was assessed in accordance with International Classification of Diseases, Tenth Revision (ICD-10) criteria \[[@CR20]\]. The conditions of interest for this study were hypertension, hyperlipidemia, diabetes, stroke, and angina pectoris/cardiovascular disease.

Dementia diagnosis {#Sec8}
------------------

A detailed procedure for the diagnosis of dementia has been published elsewhere \[[@CR21]\]. In brief, a two-phase study design was used. During phase I, participants who scored \< 20 on the Hasegawa Dementia Scale-Revised (HDS-R), or those who reported a history of dementia, continued into phase II of the study. Borderline participants were comprehensively judged at the time of screening and were also included in phase II. We used HDS-R which is commonly used in Japan to screen for dementia. The HDS-R has acceptable validity with a sensitivity and specificity (cutoff score = 20/21) of 0.90 and 0.82, respectively \[[@CR22]\]. During phase II, psychiatrists visited the participants and diagnosed dementia based on the ICD-10 criteria \[[@CR20]\].

Statistical analysis {#Sec9}
--------------------

The chi-squared test was used to determine whether socioeconomic variables, lifestyle variables, and medical history differed between participants with and without hearing loss among those without dementia. A logistic regression analysis was used to test whether SES was associated with hearing loss; hearing loss was the dependent variable, and sex, age, lifestyle factors, and medical history were the independent variables. We created several multivariate models to inspect whether lifestyle factors, or medical history explained any observed associations between socioeconomic factors and hearing loss \[[@CR23]\]. First, we calculated the age- and sex-adjusted odds ratios (OR) for hearing loss based on educational attainment, occupation, and socioeconomic factors. Lifestyle variables were subsequently added to the model. Next, medical history variables were added. We examined the goodness of fit of the logistic regression models using the Hosmer--Lemeshow test. We used SPSS version 23 software (IBM Corp., Armonk, NY) for all analyses. ORs and 95% confidence intervals (CIs) were calculated for the logistic regression analysis.

Results {#Sec10}
=======

Table [1](#Tab1){ref-type="table"} summarized demographic characteristics of the participants. The proportion of participants with hearing loss significantly differed according to their age, educational attainment, occupation, and history of angina pectoris or cardiovascular disease. Table 1Presence of self-reported hearing loss and participant characteristics**CharacteristicPresence of self-reported hearing loss*P*-valueYes (*n*** **= 126)No (*n*** **= 913)Total (*n*** **= 1039)*n*%*n*%*n*%Attribution**Age (years)65--743124.652157.155253.1\< 0.00175--846350.030833.737135.7≥853225.4849.211611.2SexMale4938.940444.245343.60.292Female7761.150955.858656.4**Educational attainment**Years of education≤6 years1713.5252.7424.0\< 0.0017--9 years5039.733837.038837.3≥10 years5946.855060.260958.6**Occupation**Occupations heldWhite-collar4233.338542.242741.10.021Blue-collar5846.031734.737536.1Both1511.915917.417416.7Other118.7525.7636.1**Lifestyle**Alcohol consumption habitsCurrent drinker4233.332735.836935.50.256Former drinker1411.1647.0787.5Non-drinker7055.652257.259257.0Smoking habitsCurrent smoker1411.19210.110610.20.207Former smoker2620.625728.128327.2Non-smoker8668.356461.865062.6**Medical history**HypertensionYes6350.042646.748947.10.506No6350.048753.355052.9HyperlipidemiaYes1612.717218.818818.10.108No11087.374181.285181.9DiabetesYes1612.713915.215514.90.507No11087.377484.888485.1StrokeYes1310.3647.0777.40.202No11389.784993.096292.6Angina pectoris or cardiovascular diseaseYes1713.5647.0817.80.019No10986.584993.095892.2

Table [2](#Tab2){ref-type="table"} shows the effect of education and occupation on the frequency of hearing loss, before and after adjusting for lifestyle variables and medical history. The lower the participants' SES, the more frequently they had hearing loss. Participants with educational attainment of ≤6 years were more likely to suffer from hearing loss \[age- and sex-adjusted OR 3.08 (95% CI, 1.51--6.28); model 1\]. The OR for hearing loss for an educational attainment of 7--9 years did not significantly differ from that of an educational attainment ≥10 years. After adjusting the models for SES, lifestyle factors, and medical history, the OR increased to 2.90--3.43 (models 3--5). The OR for hearing loss for participants with blue-collar jobs compared with that of participants with white-collar jobs was not significant (age- and sex-adjusted OR 1.45 \[95% CI, 0.93--2.25\]; model 2); the OR remained stable after additional adjustment for SES, lifestyle, and medical history (models 3--5). After being adjusted for all potential confounders, a low educational attainment, older age, and a history of angina pectoris or cardiovascular disease were found to increase the risk of hearing loss (model 5). Table 2Association of self-reported hearing loss with socioeconomic status after adjusting for dementia and other factors**Model; odds ratio (95% confidence interval)Crude odds12345Educational attainment**  ≤ 6 years 7--9 years6.34 (3.24--12.41)1.38 (0.92--2.06)3.08 (1.51--6.28)1.17 (0.77--1.76)2.90 (1.40--6.01)1.08 (0.70--1.68)3.06 (1.46--6.41)1.11 (0.72--1.73)3.43 (1.62--7.27)1.11 (0.71--1.73)  ≥ 10 years1.001.001.001.001.00**Occupation** White-collar1.001.001.001.001.00 Blue-collar1.68 (1.10--2.56)1.45 (0.93--2.25)1.35 (0.84--2.15)1.33 (0.83--2.12)1.27 (0.79--2.05) Both0.87 (0.47--1.60)0.86 (0.46--1.62)0.81 (0.43--1.55)0.82 (0.43--1.56)0.82 (0.43--1.56) Other1.94 (0.94--4.00)1.51 (0.71--3.21)1.45 (0.68--3.12)1.34 (0.62--2.92)1.35 (0.62--2.95)**Age (years)** 65--741.001.001.001.001.001.00 75--843.44 (2.19--5.41)3.13 (1.98--4.96)3.25 (2.06--5.13)3.03 (1.91--4.80)3.21 (2.01--5.13)3.06 (1.90--4.93)  ≥ 856.40 (3.71--11.04)5.00 (2.81--8.91)5.95 (3.43--10.34)4.81 (2.69--8.60)5.50 (3.02--10.02)5.03 (2.73--9.29)**Sex** Men1.001.001.001.001.001.00 Women1.25 (0.85--1.83)1.04 (0.70--1.56)1.10 (0.74--1.65)1.05 (0.70--1.58)1.03 (0.51--2.07)1.07 (0.53--2.16)**Alcohol consumption** Current drinker0.96 (0.64--1.44)1.61 (0.95--2.75)1.65 (0.96--2.82) Former drinker1.63 (0.87--3.06)1.79 (0.89--3.59)1.80 (0.89--3.66) Non-drinker1.001.001.00**Smoking** Current smoker1.00 (0.54--1.83)1.20 (0.53--2.71)1.19 (0.53--2.69) Former smoker0.66 (0.42--1.05)0.54 (0.27--1.11)0.51 (0.25--1.05) Non-smoker1.001.001.00**Hypertension** Yes1.14 (0.79--1.66)0.93 (0.62--1.39) No1.001.00**Hyperlipidemia** Yes0.63 (0.36--1.09)0.60 (0.33--1.09) No1.001.00**Diabetes** Yes0.81 (0.47--1.41)0.86 (0.48--1.53) No1.001.00**Stroke** Yes1.53 (0.82--2.86)1.57 (0.80--3.10) No1.001.00**Angina pectoris/cardiovascular disease** Yes2.07 (1.17--3.66)1.86 (1.00--3.44) No1.001.00Model 1 was adjusted for age, sex, and educational attainmentModel 2 was adjusted for age, sex, and occupationModel 3 was adjusted for age, sex, and socioeconomic statusModel 4 was adjusted for age, sex, lifestyle, and socioeconomic statusModel 5 was adjusted for age, sex, lifestyle, medical history, and socioeconomic status

Discussion {#Sec11}
==========

The current study found that ≤6 years of educational attainment was associated with hearing loss, after excluding people with dementia among those aged ≥65 years and adjusting for lifestyle and medical history associated with SES.

The risk of hearing loss was approximately 3.4 times greater for participants with ≤6 years of education than for those with ≥10 years of education. This finding suggests that low educational attainment is an important risk factor for hearing loss. The risk of hearing loss for low educational attainment of ≤6 years fell after adjusting for age, sex, and work history, suggesting that age, sex, and work history are confounding factors of hearing loss for low educational attainment. On the other hand, the risk of hearing loss in low educational attainment was increased after adjusting for lifestyle and medical history, suggesting that lifestyle and medical history are protective factors for hearing loss in low educational attainment. Low SES has been reported to be associated with unfavorable habits such as smoking \[[@CR24]\]. In Europe and the United States, several reports have suggested that low SES is associated with hearing loss \[[@CR25]--[@CR27]\]. The United Kingdom studies in which educational history (e.g., less than or more than college) and economic status (income and deprivation index) were used as an indicator of SES, reported that non-white people and people with low SES had excess risk of hearing loss \[[@CR25], [@CR27]\]. In the United States' study educational history (e.g., less than or more than high school) and economic status (annual household income, poverty income ratio, insurance etc.) were used as indicators of SES, and this study reported high percentage of low SES in black and Mexican Americans, while hearing loss was less common among black population \[[@CR26]\]. This suggested that intrinsic factors (e.g., genetics,) as well as SES were associated with hearing loss.

In the current study, blue-collar versus white-collar in terms of job history was used as an indicator of low SES. Blue collar workers are likely to be exposed to higher noise exposure than white collar workers. However, the results of the present study did not show a significant difference in the risk of hearing loss in those with blue-collar jobs when compared with those with white-collar jobs. Adjusting for age and sex, educational history, lifestyle, and medical history lowered the risk of hearing loss, suggesting that these adjustment factors are confounding factors for blue-collar hearing loss. As reported in previous studies \[[@CR28]--[@CR30]\], lifestyle factors, such as drinking and smoking, are related to hearing loss. It was suggested that the blue-collar population had undesirable lifestyle habits, such as drinking and smoking, and was more susceptible to diseases.

Among the factors adjusted for hearing loss, previous angina pectoris or myocardial infarction was strongly associated with hearing loss. It has been reported that blood flow in the inner ear and brain is impaired in the presence of lifestyle-related diseases, negatively affecting hearing function \[[@CR31], [@CR32]\], and that arterial stiffness is largely associated with age-related hearing loss \[[@CR33]\], and the present results are similar to those of previous studies. It is thought that the result of arteriosclerosis, which can be called systemic aging, appeared as hearing loss, angina pectoris and myocardial infarction.

The results of this study suggest that the low SES status (low educational background) may be associated with a blue-collar work history, undesirable lifestyle habits such as drinking and smoking, and the development of lifestyle diseases, which may worsen systemic atherosclerosis, which in turn may lead to hearing loss. In the future, reducing the risk of low SES environments, in terms of disease incidence, may lead to the prevention of hearing loss.

Several limitations of this study should be noted. First, this study does not consider occupational and recreational noise exposure, which is one of the risk factors of hearing loss. However, most blue-collar occupations with high noise exposure were included in the blue-collar population, which could have been an alternative indicator. Second, the duration of hearing loss was not examined in this study and hearing tests were not conducted. The percentage of participants who reported hearing loss was less than the prevalence of hearing loss reported in the literature. In this study, hearing ability in everyday life was assessed, rather than hearing ability measured by pure tone audiometry. Previous studies have reported that more than half of individuals examined exhibited hearing loss when using pure tone audiometry, but they were unaware of this loss \[[@CR34]\]. Therefore, there may be a stronger association between SES and hearing loss, and the prevalence of hearing loss in the present study could be an underestimate. Third, there were few participants with a medical history of ear disease associated with hearing loss, and we did not adjust for this. However, it is thought that the influence of this on the results of this study was small, because there was no relationship between a medical history of ear disease and SES. Fourth, the retrospective collection of responses could have implications for the accuracy of the data. Fifth, there is a possibility of selection bias, as we may have chosen participants who were relatively more cooperative and who led relatively healthier lifestyles. It is also possible that they selected someone with high hearing and cognitive functioning at the time of the initial telephone request for survey cooperation. However, with the exception of those who lived alone, family members may have answered the phone, and there may have been less bias because the family members attend the survey to help older adults. Sixth, there is a survival bias in the research design. However, based on the assumption that hearing loss is dangerous and the risk of death is high, if the data of individuals who died were included, the actual relevance of any associations would increase. Although there are some limitations, the novelty of this study is that we were able to accurately omit the effects of dementia and report an association between SES and hearing loss.

Conclusions {#Sec12}
===========

After adjusting for lifestyle and history of medically diagnosed disease, low educational attainment (≤6 years) was independently associated with self-reported hearing loss in older adults without dementia in Japan.
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:   Socioeconomic status

CI
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OR
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HDS-R

:   Hasegawa Dementia Scale-Revised
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